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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell system capable of 
calculating a power generation target of a fuel cell without being 
affected by an error in power consumption, and the like, occurring in 
each power consuming apparatus. 

SOLUTION: This system is provided with a secondary battery 17 
parallel connected to the fuel cell 10, a voltage converter 16 provided 
between the fuel cell 10 and the secondary battery 17 for adjusting the 
output voltage of the fuel cell 10, a plurality of current sensors 20 to 22 
for detecting a current on the input side of the voltage converter 16 and 
a current on the output side thereof, and a pair of voltage sensors 30 
and 31 for detecting a voltage on the input side of the voltage converter 
16 and a voltage on the output side thereof. The conversion efficiency 
of the voltage converter 16 is calculated based on the input and output 
side currents detected by the sensors 20 to 22 and the input and output 
side voltages detected by the sensors 30 and 31. The power generation 
target of the fuel cell is calculated by using this conversion efficiency. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The fuel cell which generates electrical energy by the chemical reaction of hydrogen and oxygen (10), It connects with said 
fuel cell (10) in juxtaposition. The rechargeable battery in which charge and discharge are possible (17), The electrical-potential- 
difference converter which is prepared between said fuel cells (10) and said rechargeable batteries (17), and adjusts the output voltage 
of said fuel cell (10) (16), Two or more current sensors which detect the current value of the input side of said electrical-potential- 
difference converter (16), and the current value of an output side (20-22), It has the voltage sensor (30 3 1) of the couple which detects 
the electrical-potential-difference value of the input side of said electrical-potennal-difference converter (16), and the electrical- 
potential-difference value of an output side. The input-side current value and output side current value of said electrical-potential- 
difference converter (16) which were detected in said current sensor (20-22), The fuel cell system characterized by computing the 
conversion efficiency of said electrical-potential-difTerence converter (16) based on the input-side electrical-potential-difference value 
and output side electrical -potential-difference value of said electrical -potential-difference converter (16) which were detected in said 
voltage sensor (30 31). 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies [ to mobiles, such as a car, a marine vessel, and a portable electric organ, ] about the 
fuel cell system which consists of a fuel cell which carries out electrical energy generating by the chemical reaction of hydrogen and 
oxygen and is effective. 
[0002] 

[Description of the Prior Art] For example, in the fuel cell system carried in a car, since the load power needed for car transit changes 
rapidly according to the transit pattern of operators, such as acceleration and deceleration, it serves as a system configuration which 
can carry out adjustable [ of the generated output of a fuel cell ] according to load power. 

[0003] However, since the speed of response of the control of flow of the hydrogen used as a fuel and air is slow, it is difficult to make 
the generated output of a fuel cell correspond to the load power of the car which changes remarkably. For this reason, in the fuel cell 
system for mount, a rechargeable battery is connected to a fuel cell through an electrical -potential-difference transducer (DC to DC 
converter), and it has become the system configuration to which a rechargeable battery pays temporarily change of the power with 
which a fuel cell does not catch up. 

[0004] Generated output control of the fuel cell in such a mounted fuel cell system must be controlled to compensate with all of the 
demand charge-and-discharge power of a rechargeable battery required in order to maintain the power consumption of high-tension 
auxiliary machinery, such as inverter power and pumps for fuel supply, and the capacity of a rechargeable battery at a predetermined 
value, the conversion loss power of an electrical-potential-difference converter, etc. 

[0005] As an example which controls such a fuel cell system, the control approach of a publication is in JP,2000-12059,A. The 
demand output of an inverter is computed from an accelerator opening, and the fuel cell control section is calculating and controlling 
the generated output of a fuel cell by this approach from the output current and the output voltage property drawn based on the 
detected capacity. While a fuel cell is always generated on the most efficient point to capacity and supplies power to the output of an 
inverter, it consists of this approach so that it may compensate with the power which excess and deficiency produce by the 
rechargeable battery. 
[0006] 

[Problem(s) to be Solved by the Invention] In the fuel cell system, the total power consumption of a fuel cell system is computed, and 
this is considered as the target generation-of-electrical-energy output of a fuel cell. It is necessary to take into consideration the 
conversion efficiency f of an electrical -potential -difference transducer for calculation of the total power consumption, and this 
conversion efficiency f is computed in consideration of an inverter, the power consumption of high-tension auxiliary machinery, the 
demand charge-and-discharge power of a rechargeable battery, etc. 

[0007] The generation-of-electrical-energy output of a fuel cell needs to be in agreement with the actual total power consumption of a 
power consumption device. However, power consumption, such as an inverter which is a power consumption device, power 
consumption of high-tension auxiliary machinery, and demand charge-and-discharge power of a rechargeable battery, is detected for 
every device. For this reason, there was a problem of the total power consumption and the generated output of a fuel cell stopping 
being in agreement for every device of that **** under the effect of the wiring resistance between the detection error of power 
consumption, or a device. Moreover, since the conversion efficiency f of an electrical -potential-difference converter changed with 
temperature, the magnitude of a current, etc., when the value of conversion efficiency was used, it had a problem of the calculated 
value of the total power consumption and a actual value stopping being in agreement. 

[0008] In such a case, since meals were provided with the charge-and-discharge power of the rechargeable battery currently controlled 
as a result according to the development of situation, cell capacity changed remarkably with time amount progress, and when the 
worst, it may have lapsed into transit impossible. 

[0009] This invention aims at offering the fuel cell system which can compute the target generated output of a fuel cell, without being 
influenced in view of the point describing above of the power consumption error generated for every power consumption device. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned object, in invention according to claim 1 The fuel cell which 
generates electrical energy by the chemical reaction of hydrogen and oxygen (10), It connects with a fuel cell (10) in juxtaposition. 
The rechargeable battery in which charge and discharge are possible (17), The electrical-potential-difference converter which is 
prepared between a fuel cell (10) and a rechargeable battery (17), and adjusts the output voltage of a fuel cell (10) (16), Two or more 
current sensors which detect the current value of the input side of an electrical-potential-difference converter (16), and the current 
value of an output side (20-22), The input-side current value and output side current value of an electrical -potential -difference 
converter (16) which were equipped with the voltage sensor (30 31) of the couple which detects the electrical-potential-difference 
value of the input side of an electrical -potential-difference converter (16), and the electrical-potential-difference value of an output 
side, and were detected in the current sensor (20-22), Based on the input-side electrical-potential-difference value and output side 
electrical -potential -difference value of an electrical-potential-difference converter (16) which were detected in the voltage sensor (30 
3 1), it is characterized by computing the conversion efficiency of an electrical -potential -difference converter (16). 
[0011] Thereby, in case the conversion efficiency of an electncal-potential-difference converter (16) is computed, the power 
consumption error for every device and the power consumption error by wiring resistance can be disregarded. Thus, by using the 
conversion efficiency of the computed electrical-potential-difference converter (16), the target generated output of a fuel cell (10) is 
more computable to accuracy. 

[0012] In addition, the sign in the parenthesis of each above-mentioned means shows response relation with the concrete means of a 
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publication to the operation gestalt mentioned later. 
[0013] 

[Embodiment of the Invention] Hereafter, the operation gestalt which applied this invention is explained based on drawing 1 - drawing 
6 . This operation gestalt applies the fuel cell system of this invention to an electric vehicle. 

[0014] Drawing 1 shows the whole fuel cell system configuration of this operation gestalt. As shown in drawing 1 , a fuel cell (FC 
stack) 10, the hydrogen feeder 1 1, air supply equipment 12, the inverter 14, DC to DC converter (voltage adjustment means) 16, the 
rechargeable battery 17, and the high-tension auxiliary machinery 19 grade are prepared in the fuel cell system of this operation 
gestalt. 

[0015] A fuel cell (FC stack) 10 generates power using the electrochemical reaction of hydrogen and oxygen. The solid-state 
polyelectrolyte mold fuel cell is used as a ftiel cell 10, two or more laminatings of the single eel used as a base unit are carried out, and 
it consists of these operation gestalten. In a fuel cell 10, by supplying hydrogen and air (oxygen), the electrochemical reaction of the 
following hydrogen and oxygen occurs and electrical energy occurs. 

(Hydrogen pole side) Hie hydrogen feeder 1 1 for supplying hydrogen to the hydrogen pole (negative electrode) side of a fuel cell 10 
and the air supply equipment 12 for supplying air (oxygen) to the oxygen pole (positive electrode) side of a fuel cell 10 are formed in 
the H2 ->2H++2e-(oxygen pole side)2H++l/202+2e->H20 fuel cell system. The hydrogen tank which contains hydrogen storage 
material, such as a reformer which generates hydrogen, for example by the refining reaction, or a hydrogen storing metal alloy, as a 
hydrogen feeder 1 1 , and stores pure hydrogen can be used. As air supply equipment 1 2, a compressor or Blois can be used, for 
example. 

[0016] The inverter 14 is connected to the fuel cell 10 through diode 13. Only by turning diode 13 to an inverter 14 from a fuel cell 10, 
it passes a current. An inverter 14 changes into alternating current the direct current supplied from a fuel cell 10, supplies it to a drive 
motor 1 5, and it is constituted so that a motor 15 may be driven. 

[0017] The rechargeable battery (dc-battery) 17 in which charge and discharge are possible is connected to the fuel cell 10 in 
juxtaposition through DC to DC converter (voltage adjustment means) 16. DC to DC converter 16 is constituted so that an electrical 
potential difference may be changed between a fuel cell 1 0 and a rechargeable battery 1 7. In DC to DC converter 1 6, power loss 
occurs in the case of electrical-potential-difference conversion. When a rechargeable battery 17 charges and the output of a fuel cell 10 
is insufficient, the dump power generated with the fuel cell 10 is constituted so that a part for lack power may be supplied from a 
rechargeable battery 17. 

[001 8] When connecting the FC stack 10 and a rechargeable battery 17 to juxtaposition and carrying out an electric power supply to an 
inverter 14, it is necessary to make both potential equal. So, with this operation gestalt, DC to DC converter 24 is performing 
electrical-potential-difference conversion so that the electrical potential difference of the FC stack 10 and a rechargeable battery 17 
may become the same. Such a configuration can perform the electric power supply assignment to an inverter 14 by the FC stack 1 0 
and the rechargeable battery 1 7. 

[0019] The SOC detection equipment 18 which detects the residual cell capacity SOC of a rechargeable battery 17 is formed in the 
rechargeable battery 17. Detection of the cell capacity SOC is performed by the known approach. For example, there is a method of 
integrating the current value and time amount of charge and discharge, and asking for a changed part of capacity to the initial capacity 
of a rechargeable battery 1 7 or the approach of searching for from the V-I property of a rechargeable battery 17. 
[0020] Drawing 2 is map data showing the target power Pchg of the charge-and-discharge power of the rechargeable battery 17 to the 
cell capacity SOC of a rechargeable battery 17. As shown in drawing 2 , the charge-and-discharge target power Pchg of a rechargeable 
battery 1 7 is beforehand set up so that it may change according to the cell capacity SOC of a rechargeable battery 17. With this 
operation gestalt, the charge-and-discharge target power Pchg is set up so that the cell capacity of a rechargeable battery 17 may 
become 60%. Therefore, when the cell capacity SOC is 60% or more, the target charge-and-discharge power Pchg of a rechargeable 
battery 1 7 is set as a minus value. Conversely, in not filling the cell capacity SOC to 60%, it sets the target charge-and-discharge 
power Pchg of a rechargeable battery 1 7 as a plus value. 

[0021] Furthermore, the high-tension auxiliary machinery 19 is connected to the fuel cell 10 through DC to DC converter 16. It is the 
equipment which consumes the power of the compressor 1 1 grade for air supply in the high-tension auxiliary machinery 19. Since it is 
necessary to fluctuate the amount of fuel supply according to inverter demand power, the power consumption PHk of auxiliary 
machinery 19 is a value which carries out adjustable according to inverter demand power. 

[0022] Current sensors 20-23 and voltage sensors 30 and 3 1 are formed in the fuel cell system of this operation gestalt. Current sensors 
20-23 are arranged by the number small one piece to the branched number of wiring in the part where the current on wiring to which 
each device is connected branches. The current to the direction in which current sensors 20-23 are not formed is computable in other 
two current sensors. 

[0023] The 1st current sensor 20 detects the output current value IFC of a fuel cell 10, the current value IM which flows to an inverter 
14 by the 2nd current sensor 21 is detected, the current value IDC which flows from DC to DC converter 16 by the 3rd current sensor 
22 is detected, and the current value IBat which flows to a rechargeable battery 1 7 by the 4th current sensor 23 is detected. The current 
value which flows to DC to DC converter 16 can be calculated by (IFC-IM), and the current value which flows to the high-tension 
auxiliary machinery 1 9 can be calculated by (IDC-IBat). 

[0024] Moreover, voltage sensors 30 and 3 1 are arranged in one part which becomes equipotential, when [ each ] DC to DC converter 
16 is inserted and the wiring resistance in the input side and output side of DC to DC converter 16 is disregarded. The 1st voltage 
sensor detects the electrical-potential-difference value VFC by the side of a fuel cell 10, and the 2nd voltage sensor detects the 
electrical-potential-difference value VBat by the side of a rechargeable battery 17. 

[0025] Drawing 3 shows the control unit 40 of the fuel cell system of this operation gestalt. The control unit 40 shown in the fuel cell 
system of this operation gestalt at drawing 3 is formed. A sensor signal inputs into a control device 40 from various sensors, and it is 
constituted so that a control signal may be outputted to each device of DC to DC converter 16 grade. 

[0026] Next, actuation of the fuel cell system of this operation gestalt is explained based on drawing 4 - drawing 6 . Drawing 4 is a 
flow chart which shows actuation of a fuel cell system. The following control is performed repeatedly a predetermined period. 
[0027] First, the transit target power FPower is computed based on signals, such as a car operator's accelerator opening, (step S10). 
This transit target power FPower turns into the demand output (target output) PMo of an inverter 14. Next, current sensors 20-23 and 
voltage sensors 30 and 3 1 detect the current values IFC, IM, and IDC of each part of a fuel cell system and the electrical-potential- 
difference value VFC, and VBat (step S 1 1 ). 

[0028] Next, with SOC detection equipment 18, the cell capacity SOC of a rechargeable battery 17 is detected (step SI 2), and the 
target charge-and-discharge power Pchg of a rechargeable battery 1 7 is found based on the map of drawing 2 (step SI 3). 
[0029] Next, power distribution count is carried out (step S14). Power distribution count is performed as shown in drawing 5 . The 
actual power which flows to each device of a fuel cell 1 0, an inverter 14, a rechargeable battery 1 7, and the high-tension auxiliary 
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machinery 1 9 can be found by fuel cell power Pfc=IFCx VFC, inverter power PM=IMxVFC, rechargeable battery charge-and- 
discharge power PBat=IBatxVBat, and auxiliary machinery power PHk=(IDC-IB at) xVBat. 

[0030] The conversion efficiency (power efficiency) f of DC to DC converter 16 can be calculated by f=(VBatxIDC)/(VFCx (IFC- 
1M)) from the input-side current value and the output side current value, input-side electrical-potential-difference value, and output 
side electrical-potential-difference value of DC to DC converter 16. 

[003 1 ] Let transit target power FPower found at the above-mentioned step SI 0 be the inverter target power PMo. The target power 
PHko of the auxiliary machinery 19 required in order to supply the air flow rate and hydrogen flow rate which are needed since a fuel 
cell 10 outputs the inverter target power PMo to a fuel cell 10 is found. This auxiliary machinery target power PHko is a value which 
becomes settled with the inverter target power PMo. 

[0032] It can ask for the target generated output Pfco of a fuel cell 10 by Pfco=PMo+f (PHko+Pchg) from the conversion efficiency f 
of DC to DC converter 1 6 which is the inverter target power PMo, the auxiliary machinery target power PHko, the rechargeable 
battery target charge-and-discharge power Pchg, and the actual measurement which are calculated value. 

[0033] Next, based on the power distribution count calculated at the above-mentioned step SI 4, generation-of-electrical-energy control 
of a fuel cell 10 is performed (step SI 5). Specifically, the amount of distributed gas is controlled by gas transfer units 1 1 and 12. 
Furthermore, output voltage of a fuel cell 10 is controlled by DC to DC converter 16. 

[0034] Output voltage control of the fuel cell 10 by DC to DC converter 16 is explained based on output-characteristics drawing of the 
fuel cell 10 shown in drawing 6 . gl-g3 in drawing 6 are the output characteristics of the fuel cell 10 at the time of changing the 
hydrogen amount of supply to a fuel cell 10, and the amount of air supply, gl has least amount of supply, and the amount of supply 
has most g3. As shown in drawing 6 , gl is an A point, g2 is a B point and, as for g3, output characteristics are changing rapidly at C 
point. 

[0035] For this reason, in each gas supply volume, much power can be most efficiently taken out from a fuel cell 10 by generating 
electricity at an A-C point just before output characteristics change suddenly. Therefore, the output voltage VFC of a fuel cell 10 is 
controlled by DC to DC converter 1 6 to become the electrical potential difference which can take out power from a fuel cell 10 most 
efficiently in each gas supply volume. 

[0036] As mentioned above, by forming current sensors 20-23 in the part where the generated output of a fuel cell 10 is distributed, 
and forming voltage sensors 30 and 31 in the part where an electrical potential difference becomes equipotential, in case the 
conversion efficiency f of DC to DC converter 16 is computed, the power consumption error for every device and the power 
consumption error by wiring resistance can be disregarded. Thereby, the target generated output Pfco of a fuel cell 10 can be computed 
more now to accuracy. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram of the fuel cell system of the above-mentioned operation gestalt. 

Prawing 2] It is property drawing showing the map data with which the cell capacity SOC of a rechargeable battery and the target 
charge-and-discharge power Pchg were connected. 

[Drawing 3] It is control-block drawing of the fuel cell system of the above-mentioned operation gestalt. 

[Drawing 4] It is the flow chart which shows actuation of the fuel cell system of the above-mentioned operation gestalt. 

[Drawing 5] It is the block diagram showing power distribution count of the fuel cell system of the above-mentioned operation gestalt. 

[Drawing 6] It is property drawing showing the output characteristics of a fuel cell. 
[Description of Notations] 

1 0 [ — An inverter, 1 6 / — A DC to DC converter (electrical-potential-difference converter), 1 7 / — A rechargeable battery, 1 9 / — 30 
Auxiliary machinery, 20 - 23 current sensor, 31/- Voltage sensor. ] — A fuel cell (FC stack), 1 1 — A hydrogen feeder, 12 - Air 
supply. equipment, 14 

' . - ' 1 . "I ' J " . . 'I . P . ,1 ' , .I II MI ,'H.mJ».. ' .'1l»i..W.II.II.I I I .Mi l II I ... II . 1 . 11 ll .iPI PPP' il 'P'P* 'PlfP' . 'P . -'I'f .^ 'I .^^ P P P H P| ^,| i' ; | |,r" i JK ^ 1.1. ,.1 11 .1 .. I .IIHM P U F B I K I W PI H I P 
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§§(16) OX*ffiI«BE«*J:t5tH*««ffffl[fck:a^ 
^Tn fufBmjE^gg (16) <D^gBS*3&*ffi-r5 c 

£ *«p* k *r § xrAo 20 

[000 1] 
[0 0 0 2] 

[0003] tcztf, mm£*%7km*5&zj&m<Dffi. 

t ^> o 40 

[0004] c<o*aa*«iaBR«as/x^AJc:^ts 

MfcB^tfteftofca&ta&Bft 2 &«ffi<DB#7S5WM 

[0 0 0 5] COcfcda«^1llfflS/X«rA*»JW'r«0!l 
LT. 09X.tfWN 2000-1 2059 ^ffifcffitt 

>/*-*©B#tH**j«Hu mmmwitttiiii so 



6«R*»0«««*«:ftl|[LT»JIPUT(f^So COS 
Sgt5-^t> ffl^FfiW4U*«**23W«»T«^ J: 

[0 0 0 6] 

[000 7] «m«»o»tm*«:. tA^KiS^ 

[0 0 0 8] c^J;9^ IWttfcj80ff*T»jtB 
Stress 2*«»03fEScM*TS^atoft*fca6 N 

[0009] ±ejS«c«», ttMHmntt 

[0 0 10] 

nmm d o) fcafcwwfcSBRstu rtab* 2 * 
mm (1 7) min (1 0) £2&mm (1 7) 

fcOBteWtftfu (1 0) ©ttiWtffifciw 

•TS«BEaSSS (16) fc. Sffi^g|§§ (1 6) £DAA 

■fe:/**" (2 0-2 2) SffiK&S (1 6) CDA^jfiO 

(3 0, 3 1) f^t^ (2 0-2 

2) tCT^WbfcmjE^^gg (16) ©A*ltM^ 
^tfm^iftlffi^ffli^, WE-feV+J- (3 0. 3 1) 

mbfcSffi^gg (16) ox*««ffifflfe*tfa*a(i 

MEffifclcS^T, Sffi^&S (1 6) 
Sm-rsc t«r«P«i: LTV*. 
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[ooii] cntcct sffg^gg (i 6) (ommh 

3tfflLfc«ES»» (1 6) OfiKH**«^8CJ: 
T% tt^Vft (1 0) Oi««Wt***t)iE5tk:l|[ffl 

[0 0 12] £*5. ±fE#¥&©8B[rt<0«H§fcl\ ^ 

OT^So 

[0 0 13] io 

So 

[0 0 1 4] 0 Hi. **SSJgfil<Dj««Sjfi->X^A^ 
OKIi^XrAlcti, «m«fi(FCXj»y« 1 

o , 7kXtt«£H i i . ffiiKWIHia 12^ v/s-* 

14s DC/DCriVM-* (»ffiSB!#S) 16, 2 
[0 0 15] JUBIHS (FCWyW 1 Ott. 7k* 

wwuistiT«i«stiT^*. hbwgi om * 

(**ffiffiD Hz->2H + +2e- 

(KX&1AD 2HHl/20z +2e-^HzO 30 
«SS«Hfi->XxAJct± N JJEPMIfil 0O*«8B (ft® 

Ml 1 fcLTtt. tW*«f»HEffifc«t5****«-r* 

So ffi««*S«Hl 2£LTte. WJt»a:/:/Uy1«& 

[0 0 16] OlCtt. iT-f*-Kl 3*^b 40 

«x ^nSJtil 0*»&>f:/^— *1 4tC|p]ttTO^««t 
feO.TSSo 1 4ti\ «8Sll?6l Ofr 

[0 0 1 7] Olctf, DC/DC3>/W 

(SEEH3SI#g:) 1 6*^UT3ffi»«RTIi*2*«» 
(/Wf'J) 1 7tfMWWlc«KStiT^*. DC/D 
C3V^-> 1 61*. 0i:2#Wfil 7£<D so 



B7f«E*fflft-r»J:'5»£*ll«SnT^Sc DC/DC 
S 0 MH^Vtt l 0 -C»«Lfc**«rttt 23HWG l 7 lc 

T^So 

[0018] F CX?7^ 1 0 £2&Mf&l 7£%:M&1 
tefcttLT^VV*-* 1 4lC«*«*&-rS*§£\ PS#<0 

«\ FCX>^^10i2 1 7 OtBEtf 1 U IC 4 
SJ:5&c. DC/DC3^- *2 4 JcTHEESSSI^rfT 
ot^o l^J;3«c<):D, FCX*^10£ 
2 ^affii 7 >f 1 4 ^\o«*r«(»»fi* 

[0 0 19] 2&HH&1 7&Cte. 2&Wfil 7©S#i 

asis o csamts s o c«ajii 1 8*«»&n 
t^s q «?6S*soco«itatteEtn^?iTfTt>ti 
s 0 w*«. 2%wfii 7<owmm\z.nt^m<om. 
{kftzmkmnrngm t mm t *mw lt#«> s % 
fes^ti, 2*«»i 7ov- iwe*6*»a36rffi* 

[00 2 0] i2^, 2*»»1 7 0t}881SOCfc 
»t§ 2 1 7 OMffAO g^m^J P c h g * 

mi 7^55Sfc®B®m^Pc hgtts 2^1inol 

ifisa s o c icjscT^ftrr s * a fcMtesntv^ 
So 3***Bgus"ea, 2^ft»i 7©t»sitfW*if 
6 o%t%;2>&oicjmmgmmtip c h gswish 

T^So fifoT, IM1 S O C ^ 6 0 %«±©i^^ 
it. 2^1?fil 7©IMlf*Pchg^tX 

fit^c^-rso j^^mra^ss oc^6 o%\cmtc^> 

[0021] ££lc, «&£HKfii ok:ti. DC/DCn 
z/rt—fr 1 6*^LTlB«ffi«aBBi 9ff«K*ht^ 
So iSSBEfftffigl 9hte. S»«Jf&ffl3Vyi^*y9-l 

1 ^©n^^g-rsfitssT^So 

TRT^-TSffiT^So 

[0022] *nMBWt<Dmnmmt'XTi±ici±, mm. 

■bV-9-2 0 — 2 3^<ktf®EE-bV*9-3 0. 3 1#»W-& 
ftTl>£ 0 SSS-bV-9-2 0 — 2 3W\ &HS*JB^E» 

1 «^ftlf^«TE«StlTV^*o «8iHr 2 0 — 

[0023] » 1 «2ffi-fe V9- 2 0 k: <t D «»iti6 1 oco 

B*«W1 1 F C *«ffl U »2«S^2 1kliD 
^v/s— £ 1 4»cSiWTSfiifSffiiM*tttBU »3liiffi 
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-bV9-2 2lc£t)DC/DC:3V/S-* l 6*>68KtiS 
WMlDCSttffiU » 4 WiSK-fe 2 3k: AD 2# 
HHSl 7 *cgKft3SifcM I B a t *&mT2>o DC/D 

c^y^-^i 6 icgftns sulfite (i fc-im) t 

(IDC— I Bat) t?*i65CktfT*So 

[0 0 2 4] $fcs aff-bV-9-3 0, 3 Hi, D C/D 

v*fcJ:D««WSl 0«I(0«EEfflVFC*ttHJU Jg 
2SE-fe>-9-tcAD 2 3&«?6l 7ffllO«£EfitVB a t * 

[0 0 2 5] H3». 2^SS?g8lO«SR»?62/X«rA<0 

[0 0 2 6] Jfefc. *^SSm^^SS?fii/X^A^{^ 
»«rH4—H6tcS^>TSiM'rSo B4^ JKftmJtfi 

Wt±x »f3SJB«IT«IOiBL/fT*5ti*. 
[0 0 2 7] *wafS#07'*-fe;l/BgJBSfOA^ 
fcS^T, if7@II*FPowe r*JftB*rS (X 
T77S10) 0 C^jfeffBSHftF P o we rtf, -Y 

tc. mgl-fe>1t2 0 — 2 3. MJE-bVit3 0. 3 UC<fc 
aSR«»^X7 a, A*BBO«ffi<t I FC, IM. ID 
C;fcJ;tf»EffiVF C, VBat^ffln ut^y 

S 1 1 ) o 

[0 0 2 8] *fc, SOCgifflgil 8tcAt)x 2^m 
ffil 7<0«?fi§SSOC*jaHJL (Xf^yS 1 2) , 

P c h g£*a6£ C*-ry:/S 1 3) 0 

[0029] #ic N mtiftmm%:irz> (xr^ys 1 

»tt?fii o. ^fy^-^i 4. 2*«»i 7, K«£E*f 

ami 9 <D&mmcffi.ti2>n&<Dmi3i±, nmm&mij 

P f c = I FCXVFC. Y>^- j*mjjPM= I MX 
VFC, 2 &«M3fefiMW* PBat=IBatxVB 
a t, «a«APHk = (I DC - I B a t) XVBa 

[0 0 3 0] DC/D Ca>;^ l 6^M$ (H 

{i4o <fc rf ta*««aE« t a*««e mis a am jimmm 

<fifr f = (VBatxlDC) / (VFCX (IF 
C-IM) ) T*»8Ct^T'*5, 
[00 31] lEXf^^S 1 OTJftftfcjfefTBSW* 
FPowe r^y^gtiAPMo^tSo «S 



& 0 ci^ffl^aasm^PH k ot±. >r saw 

[0 0 3 2] JffiBWfil OOli^ffAP f c ott. 

yjPHko, 2 3*«?6BaBte»««*p c h gt. *aa 

10 Pf co = PMo+f (PHko + Pchg) 

[0 0 3 3] #tc. ±E7fyyS 1 4TtUH,fc«* 
»EtWWc»r5^T«W«« 1 0<D3eWM»*fr5 (X 
fy^S 1 5) o K 12 

«t&«TX«<D»J»*frd« S6fc> DC/DC 

[0 0 3 4] D C/DCaV^ 1 6te<fcStt»SWfi 
1 0 Offl*«E»JWfcO^T. i6l:,TNtKlitl 0 

20 ©maw &mteM>~3^Tmw?%o i6^ g i- g 3 
&itmti<om%wm\ o^^tstfeSo g 

<£?&C. g 1&Aj£T\ g2«4BjjSt», g 3teC.-reffl 

[0 0 3 5] <KDTc)b, ^n^tKDjfX&f&miClS^ 
T. ffi^#tt^%^§fitu^A-C^T^ST^C^ 

[0 03 6] £U:<D £ 5 *C N WBttffi 1 0 <D5£mmi3tf 

ftmzn&mm\cmmizi/V2 0-2 3*s«\ «je^ 

ffffi^^5S^lE-trvt3 0, 3i*KttS<ii: 

[02] 2 ^s?s^a?ass s o c t smimmMti p 
c h g tffiww^nftvy yT-^sstWftB-e 

50 7D-f+-hT';&5 0 
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[0 6] «8«»oa*wtt*^-rwttHT?*s. 

10-«S«» (FCX>«;*), 1 1 



. 1 2 1 4 ->f>^— 1 6-D 

19-ffim 2 0-2 3fSty!t, 3 0, 3 1- 



12 



11 

\ 




10 

\ 




— & 


FC 









13 20 



[01 ] 

30 



1FC 



DC/DC 



19 



21 14 



IM 





18 




17 



[02] 



[03] 




t8— \J§> 

21-^> 

22 '~\4§> 
23— N^S> 

30— \J§> 

31- \jf> 
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[0 4] 



[05] 



FPowwjttU 



I 



I 



pchgsai 



I 



C » 7 ) 



sio 



S11 



S12 



S13 



S14 



S15 



[FC*ffl 

Pfo = IFC X VFC 

PM = IM x VFC 

PBat = Bat X VBat 

PHk = (IDCHBaOx VBat 
[DC/DCn>/<— *&tfc»3Q 

f = (Vbat x DC) / ( VFC X (IFC — IM» 

Mmm*o«««*] " """" 

Pfc = PM + KPHk + PBat) 
Pfbo = PMo + KPHko + Pchg) 



CH6] 



M 




0.4 0.6 
KSSffift [A/cm2] 



0.8 



1.0 



(soint.ci. 7 wsmm 

H 0 2 J 7/34 
// H 0 1 M 8/10 

(72)SSW# An® Wjg 



F I (##) 
H 0 2 J 7/34 J 
HO 1 M 8/10 

(72)5BH# 153* 

*tt**l»TOTanriTBl** tfcS^ 
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— 5G003 AA05 BA01 CA01 CA11 DA 16 

GB03 
5H026 AA06 HH06 

5H027 AA06 BA01 BA13 BAH DDOO 

DD03 KK51 MM26 ^ 
5H115 PA08 PA15 PC06 PG04 PI 14 

PI16 PI18 PI29 PI30 P006 

PU08 PV02 PV09 QN03 SE06 

SE10 TI02 TI05 TI06 T012 

T013 T021 TR19 TU17 



